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There  is  limited  data  on  the  spectrum  and  prevalence  of rotavirus  genotypes  in older  children  and  adults
in Asia.  This  pilot  study  conducted  between  November  2012 and  April  2013  tested  for  rotavirus  in  older
children  (>12  years  of  age),  and  adults with  gastroenteritis  from  southern  India.  Stool  samples  from
patients  who  were  hospitalized  or attended  out-patient  units  with  diarrhea  were  screened  for  rotavirus
using  PremierTM Rotaclone®. Conﬁrmatory  testing  was  by another  antigen  detection  sandwich,  in-house
ELISA,  based  on capture  by  a polyclonal  serum  and  VP6  PCR.  Genotyping  for VP7 and  VP4  was  done  using
hemi-nested  PCRs  for G- and  P-types  circulating  in India.  A  total  of  626  stool  samples  from  older  children
and  adults  were  screened  and  52  (8.4%)  were  initially  positive  for  rotavirus  by  antigen  detection.  A  high
proportion  of  samples  (27/51)  were  found  to be false  positives  on  conﬁrmatory  testing.  Of  the  23  samples
for  which  genotyping  results  were  obtained,  G1P[8]  was  the  most  common  genotype.  There  was  one  each
of G1P[6],  G1P[4]  and  two  strains  of  G9P[4]  while  one  sample  showed  mixed  genotypes  of  G2  and  G9P[4].
This  study  shows  that  group  A rotavirus  is  found  in  3.8%  of diarrheal  specimens  in  older  children  and
adults  with  gastroenteritis  in southern  India  and  that  common  genotypes  circulate  in  children  and  adults.
d  by ©  2014  Publishe
. Introduction
Rotavirus is a major cause of mortality particularly in infants and
hildren in under-developed and developing countries [1]. About
ne-third of the mortality due to rotavirus infections has been
hown to occur in the Indian subcontinent which includes India,
angladesh, and Pakistan [2]. Most human infections are caused by
roup A viruses, but group B viruses have been reported to cause
pidemics of adult gastroenteritis, initially in China, but later in
ther parts of Asia, including India and neighboring countries [3–5].
Most childhood gastroenteritis due to rotavirus is associated
ith group A infections. Group A rotavirus disease is less common
n adults, but does occur, possibly because of contact with children
ho have rotavirus gastroenteritis [6]. Anderson and Weber clas-
iﬁed rotavirus infections in immunocompetent adults into four
ategories: endemic disease, epidemic outbreaks, travel-related
astroenteritis, and infections transmitted from children to adults
∗ Corresponding author at: Department of Clinical Microbiology, Christian Medical
ollege, Vellore, TN 632004, India. Tel.: +91 416 228 2588.
E-mail address: shalinianandan@cmcvellore.ac.in (S. Anandan).
ttp://dx.doi.org/10.1016/j.vaccine.2014.03.008
264-410X/© 2014 Published by Elsevier Ltd. This is an open access article under the CC BElsevier  Ltd.  This  is an  open  access  article  under the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
[7]. In developing countries, endemic disease and transmission
from children to adults tend to be the most common epidemiologic
forms of group A rotavirus infections. Limited information on the
true prevalence of endemic rotavirus infection in older age groups
in Asia could be due to a lack of testing.
It is also possible that the spectrum of rotaviruses causing
disease may  be different in adults and children but few stud-
ies have genotyped viruses obtained from adults. The Indian
Rotavirus Strain Surveillance Network was set up in 2005 to gather
region-speciﬁc information on rotavirus epidemiology including
prevalent genotypes in children [8,9]. The high diversity of circulat-
ing rotavirus strains in the Indian subcontinent highlights the need
for surveillance in different regions, and possibly across age spectra
[10]. This pilot study examined the prevalence of rotavirus in older
children and adults in a tertiary care center in southern India.
2. Materials and methods2.1. Sample collection
The study was conducted between November 2012 and April
2013. Stool samples of patients more than 12 years of age with
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1108 samples received 
for bacterial culture 
during Novembe r 2012  
to April 2013 from 
patient s with 
gastroenteritis strat iie d 
by age 
626 samples  from 
patients >12 years tested 
by Rotaclone emzyme
immu noass ay, 52  pos itive
51 samples genotyped by 
VP7 and VP4 PCRs, 23 
samples fully or partially 
typed
51 samples retested by 
Rota clone, 37  pos itive, 14  
negat ive
37 samples retested by 
in-house ELISA and VP6 
PCR, 24  pos itive by both 
tests, 13  negat ive
23/24  VP6 PCR pos itive 
samples genotyped for 
both or one gene, 1 
unt yped for G an d P types
Over 50% of initially positive tests could not be conﬁrmed by a
more speciﬁc in-house ELISA or VP6 PCR, but assuming no posi-
tive samples were missed by the Rotaclone assay, this translates to34 S. Anandan et al. / Va
iarrhea sent to the Department of Clinical Microbiology, Christian
edical College, Vellore for routine bacterial culture were included
n the study. These samples were from both inpatients and outpa-
ients.
.2. Sample screening
The samples were screened for rotavirus using a commercial
nzyme immunoassay PremierTM Rotaclone® (Meridian Bio-
cience, Inc., Cincinnati, OH). The assay was performed as per the
anufacturer’s instructions. Samples with an OD value of ≥0.150
ere reported as positive as recommended by the manufacturer. An
nternal control was included in all runs, and the run was repeated
f the internal control did not fall in the expected range. After initial
esting, the samples were sent for genotyping to the reference lab-
ratory where samples that failed to genotype were re-tested by
oth Rotaclone and another antigen detection sandwich in-house
LISA based on capture by a polyclonal serum [11], the performance
f which has been validated by the Cincinnati Children’s Hospital
edical Center.
.3. Genotype characterization
Genotype characterization was performed on the stool samples
hich tested positive for rotavirus by the antigen detection ELISA.
NA was extracted using the QIAamp Viral RNA Mini Kit. Com-
lementary DNA was synthesized using random primers (Pd(N)6
examers; Pharmacia Biotech) and 400 units of Moloney murine
eukemia virus reverse transcriptase (Invitrogen Life Technologies)
nd was used as template for VP7 and VP4 (G and P) typing in PCRs
sing published oligonucleotide primers and protocols. PCRs to
etect VP7 genotypes G1, G2, G3, G4, G8, G9, G10, and G12 and VP4
enotypes P[4], P[6], P[8], P[9], P[10], and P[11] were performed [8].
amples which failed to type the ﬁrst time were retested by Rota-
lone and the in-house antigen assay [11] and further conﬁrmed
o be rotavirus positive by PCR to detect the VP6 gene [12]. If the
n-house antigen assay and the VP6 PCR were negative, the sample
as considered as a false-positive antigen detection.
. Results
The inclusion and testing of samples is shown in Fig. 1. Of the
26 older children and adults presenting with diarrhea, 366 (58.5%)
ere male and 260 (41.2%) were females and 343 were in-patients
hile 283 attended the out-patient clinics. The median (range) age
as 42 (13–78), with an interquartile range (IQR) of 29–56. Sixty-
hree (10%) were between 13 and 20 years of age, 230 (36.7%) were
n the 21 and 40 age group, 236 (37.7%) were 41 and 60 years and
7 (15.5%) were over 60 years.
Of the 626 stool samples screened, 52 (8.4%) were positive for
otavirus by the Rotaclone antigen detection assay. Nine (17.3%)
f the 52 stool samples that were positive for rotavirus also grew
acterial pathogens, Salmonella spp. (5), Shigella spp. (3), Vibrio spp.
nd Aeromonas spp. (1). Twenty-three (45.1%) of 51 samples sufﬁ-
ient for further testing were ampliﬁed in the VP7 or VP4 PCRs, and
omplete genotypes obtained for 16/23 (69.6%) samples. The most
ommon genotype was G1P[8] (n = 11, 47.8%). There was one strain
ach of G1P[6] and G1P[4] and two strains of G9P[4]. One sample
ad mixed genotypes of G2 and G9P[4]. Complete genotyping could
ot be determined for 7 samples (Fig. 2).
When the majority (28/51) of samples failed to genotype, the
amples were re-tested by the Rotaclone ELISA and 14 previ-
usly positive samples were negative. Because of this lack of
peciﬁcity, an in-house ELISA known to be more speciﬁc and the
P6 PCR were employed to conﬁrm rotavirus speciﬁcity. Thirteen
ntyped samples that were positive by Rotaclone on repeat testingFig. 1. Testing of specimens obtained from older children and adults with diarrhea
at  the Christian Medical College Hospital in Vellore, India by enzyme immunoassays
and  PCR for detection and characterization of group A rotaviruses.
were negative by the in-house ELISA. The results of the in-house
ELISA were conﬁrmed by the VP6 PCR which gave100% concordant
results, with 24 positive samples. One sample positive by the in-
house ELISA and for VP6 PCR was  untypable by both the G and P
typing PCRs (Fig. 2).
Of the samples that were positive for rotavirus, 66.6% (16/24)
were from those who were admitted in the hospital for diarrhea
while 33.33% (8/24) were from out patients. The proportions of
samples that were false positive were similar in in-patients and
out-patients and in younger and older individuals.
4. Discussion
This pilot study aimed at identifying whether group A
rotaviruses caused disease in a south Indian population, given the
very high rates of antibody prevalence [13] in the region. Rotavirus
was detected by a commercial ELISA in 52 (8.3%) samples from
patients with diarrhea older than 12 years in a tertiary care cen-
ter in the south of India, but was ﬁnally conﬁrmed in 24 (3.8%) of
samples.Fig. 2. Genotyping results of 24 group A rotavirus positive specimens from older
children and adults with diarrhea in southern India.
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 speciﬁcity of 96% for the Rotaclone assay. Application of retest-
ng by the Rotaclone assay eliminated 14 samples and the in-house
LISA that has been used for estimation of vaccine shedding [14]
nd VP6 PCR resulted in an additional 13 samples being identiﬁed as
egative by these tests. Of 24 conﬁrmed positive, 23 samples were
artially or completely genotyped by PCR. The reasons for the high
alse positive rate are unknown, but could include small amounts of
irus in the specimen, reduction in antigen and nucleic acid during
reeze–thaw or other reasons which require further investigation.
pplication of molecular technologies may  result in identiﬁcation
f virus in samples that have low viral loads [14], but the clinical
elevance of such results are unclear, since both asymptomatic car-
iage and co-infections, as seen in 9 of 52 rotavirus positive patients
n this series, are common.
Complete genotypes were obtained for 16 samples while 7
ere partially genotyped, possibly due to a low virus load. Of the
enotypes identiﬁed, G1P[8] was the most common. Overall, the
enotypes were similar to those seen in children during the same
eriod, with a predominance of G1P[8] and lower levels of circula-
ion for G9 and G2 strains (unpublished data).
This pilot study has several limitations including: the short dura-
ion, the limited numbers of specimens, the lack of demographic
nd clinical information and the lack of testing for rotaviruses other
han group A. Nonetheless, the study shows that group A rotavirus
s found in diarrheal specimens in adults with gastroenteritis in
outhern India and that common genotypes circulate in children
nd adults. However, to determine prevalence of rotavirus in the
lder population, year-round surveillance should be carried out.
Similar reports are emerging from other parts of India and the
orld [10,15–17]. In Pune, group A rotavirus was detected in 8.6%
nd 16.2% of the adolescents and 5.2% and 17.2% of the adults dur-
ng two time periods, respectively [15], much higher rates than
eported here. Without further data on the age-speciﬁc etiology
f gastroenteritis in different settings in India, it is difﬁcult to spec-
late on the reasons why there may  be geographic and temporal
ifferences in the proportion of disease associated with rotavirus.
his study has highlighted that methods used for identiﬁcation and
haracterization of rotaviruses in surveillance studies on children
ay  not be directly applicable to specimens from adults. Furthertudies that are more geographically diverse include testing for
 range of pathogens and inclusion of quantitative estimations of
iral antigens and RNA are required to further our understanding
f group A rotavirus infections in adults.
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